Commercial bleached kraft pulps were treated by ozone. Changes in the total halogen and ethanol extractable organic halogen of these pulps as well as brightness, viscosity and the water retention value were investigated during the ozone treatment.The effects of the ozone treatment on the total halogen and ethanol extractable organic halogen of the waste paper were also studied using toner-printed copy paper. The ozone treatments of the chlorine-bleached pulps and the waste copy paper were carried out at a 4 % (or 30%) pulp consistency and at lot for 5,10 and 20 min.. respectively.
Introduction
There is a concern about the environment due to organic chlorine compounds" exhausted from the KP bleaching process as one of the environmental topics which the pulp and paper industries have to overcome. To solve this issue, the process which disposes of drain by a closed system and adopts the pulp bleaching process without using chlorine has received much attention. The introduction of the ECF (elemental chlorine free) and TCF (totally chlorine free) bleaching is already being utilized in Europe and America, and the use of the chlorine type bleach in the bleaching process tends to be suppressed.Recently, the conversion to the ECF bleaching is being rapidly advanced in our country. On the other hand.
the occurrence of dioxin in the garbage incineration treatment in Japan has become a big social issue, and the improvement plan which aims at the European and American level is being quickly adopted. Currently, the proportion of the paper garbage in the burnable waste for incineration treatment done at a waste incineration plant, etc., is significantly high, and this tendency is quite high in cities where many offices are concentrated. It has been confirmed that the organic chlorine compound remains in the bleached pulp and the paper product when a chlorine-type bleaching agent is used for the bleaching process2)3), and it is postulated that it will be included in a lot of paper products as a chlorine compound. Accordingly, the possibility of producing chlorinated dioxin when the paper article is incinerated cannot be ignored.
There is a requirement to decrease the chlorine compound in the chlorine-type bleached pulp or the paper product based on such a concern.
In this study, we report the results of investigating the quantitative changes in the chlorine compound included in the pulp and the efficacy of decreasing it using an ozone treatment on the chlorine-type bleached pulp and the fine quality grade wastepaper pulp. Moreover, ozone is a multipurpose material suitable for the oxidatioh, sterilization, bleaching, and deodorization. etc., due to its strong oxidizability, and in the past, many studies concerning the effect of the bleaching has been carried out in the pulp and paper field.However, there are relatively few examples of using it as a method of decreasing the chlorine compound in the bleached pulp or the treatment of the wastepaper pulp.
Experimental

1 Samples
Nine kinds of bleached kraft pulp, which were tested in this experiment, are shown in Table 1 . N-1, L-1, and L-3 are the pulp which utilized the chlorine (C) step in the bleaching sequence. and the other pulps are bleached by the ECF sequence.
Measurement of total halogen (TX) and ethanol extractable organic halogen (EOX)
Total halogens (hereafter abbreviated as TX) and the ethanol extractable organic halogens (hereafter abbreviated as EOX) were adopted as an index of the amount of the chlorine compound in the pulp used in this study. The TX was measured according to the total chlorine measurement method in ISO 11480. The EOX was measured as follows: The sample was extracted for two hours with ethanol, and after the extracted solution was filtered and diluted, it was adjusted with nitric acid to pH=2. The organic substance included in the extracted solution was then absorbed on activated carbon, and after the activated Color copying is done using the neutral commercial PPC paper, and this was used as a fine quality grade waste paper sample. After the waste paper sample was disintegrated and the ozone treatment was done, the deinking chemicals were added based on the JA-PAN TAPPI pulp and paper testing method No. 39
and matured, then the deinking by flotation and washing was done. The ozone treatment was carried out under the condition of a 4 % pulp consistency, lot treatment temperature, and 5-minute treatment time.
The TX, EOX, and the ink particle count and the residual ink area by image analysis were measured for the handsheets which had been prepared with the pulp. and much of the ozone gas is removed from the system without coming in contact or reacting with the pulp. Fig. 4 and Fig. 5 show the changes in the TX and EOX in the pulp according to the ozone treatment time, respectively, when three kinds of pulp samples were subjected to the ozone treatment for a 4% pulp Moreover, the brightness was increased due to ozone treatment of the L-3 sample, which had the pulp brightness of about 83%, and in particular, a remarkable improvement was observed in the treatment at a 30% pulp consistency (Fig. 8) . However, the tendency of a decreasing brightness by the ozone treatment was observed for the L-1 sample, which However, when the pulp consistency is about 30%, it turned out that the tensile index of the seat increased with the increase in the ozone treatment time.
On the other hand, a change was hardly observed in the tensile index of the seat for the ozone treatment of the softwood pulp. By the way, the reason why the tensile index of washed original pulp at a 30% pulp consistency was lower than the 4 % case is that the fluff pulp was prepared before the ozone treatment. there is a report7) that the strength properties was retained even if the viscosity of the pulp significantly decreased due to the bleaching process. Also in this experiment, the ozone treatment did not become a factor decreasing the sheet strength in spite of the fact that the limiting viscosity number of the pulp significantly decreased by the treatment.
3.5 Ozone treatment of fine quality grade waste paper Table 4 shows the change in the TX and FOX by the deinking treatment of the fine quality grade waste paper which is printed using a color toner. When the deinking treatment was done after the ozone treatment was carried out for five minutes at a 4% pulp consistency, the TX and EOX included in the wastepaper pulp was slightly decreased compared with the case treated only by the usual deinking. There is a possibility to decrease the chlorine compound in the wastepaper pulp by further adjusting the ozone treat- Fig. 9 Changes in residual ink area and ink particle count per mm2 during deinking with or without ozone treatment Table  4 Total halogen and ethanol extractable organic halogen of recycled pulps from color-copied paper *Deinked sample treated for 5 min . with 4% pulp consistency.
ment conditions. Figure 9 shows the measurement results of the ink particle count and the residual ink area on the handsheet by image analysis. Due to the ozone treatment, the ink particle count and the residual ink area decreased and the deinking capability of the fine quality grade waste paper was improved.This result coincides with the report8) concerning the deinking of the waste paper which utilizes the ozone treatment.
Conclusions
The ozone treatment experiment was done using chlorine bleached pulp and fine quality grade wastepaper pulp to investigate the quantitative changes in the chlorine compound included in the pulp, and to decreasing it.In conclusion, the following results have been obtained.
(1) A large amount of chlorine compounds remained in the chlorine-bleached pulp compared with the ECF bleached pulp, and the tendency was particularly remarkable in the hardwood pulp. 
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